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(54) MEMORY ELEMENT 

(57)Abstract: 

PURPOSE: To improve recording and reading efficiency by using 
the synthesized magnetic fields induced from the element parts and 
word line of a memory element for which a giant magneto-resistance 
effect is used. 



CONSTITUTION: A semi-rigid magnetic film 21, nonmagnetic 
metallic film 22, a soft magnetic film 23 and artificial lattice films 
varying in coercive force are formed by sputtering or vapor 
deposition on a glass or Si substrate. The element part, sense line, 
insulating layer 25 and word line 24 are formed by using lithography 
and are formed as one bit cell. Recording is executed by 
magnetizing the semi-rigid magnetic film 21 in one direction by the 




synthesized magnetic fields of the magnetic fields induced from the 
element part (sense line) and the word line 24 at the time of 
information recording. The magneto- resistance effect is increased 
and decreased by passing sense current to the element part and 
using the synthesized magnetic fields (such synthesized magnetic 
fields at which only the soft magnetic film 23 is magnetized and 

rotated) of the magnetic fields induced from the element part and the magnetic fields induced from the word line 
24, by which reading out is executed at the time of reading out. 



LEGAL STATUS 

[Date of request for examination] 08.02. 1 999 

[Date of sending the examiner's decision of rejection] 
[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 



(is) B*s#fF/T (jp) 02) & M 45 It ^ ?E (A) (umwwwsmmw 

&ffl¥$- 306014 

(43)&WB 8 «f 0996)11^220 

(so lntci.' one* ^rtaga#^ pi ^rn^mm 

G 1 1 B 5/39 G 1 1 B 5/39 

Gl 1C 11/14 Gl 1C 11/14 A 



mms& 5 ol (± 9 k) 



gowks** 


»H?7- 106270 


(71)fflHA 


000005821 










(22) anas 


¥J£7 4P(1995) 4 A28B 




ABUS^m^P^Stl006S« 






(72)fSI9# 










AE^n*mA^p^Kioo6#* amis 
























ARflSfn^r&A^P'3^10O6#« ttT«8 
























*Btl&l^m*^f n !i*1006#Jfi &T«B 














(74)ftSA 













(54) \sm<D^,im **u-** 



(57) [££)] 

H&JS] *fcttS l*«J;K¥«»8tt«t2 

1. #lttMR2 2, *MBttBt2 3«HW7<OS&*A 

-f>2 4£JgfiScU cnSltfy Wtt4. WIS IB 
IPStCtisH^SB (t>X7-f» t7-^7-f>24A> 

^-^fttCfi&ft^-ttfBISU tt*fc*LI#JCtt*^SBJC-t 

3 cttJWBfbiacr* J: 5 &£»*«#) t>«at«ift 




(2) 



8-3 0 6 0 1 4 



1 

2 "t> 
X5-T ✓tS^tTJlHHW.fc. 

IB© • R*fc*Ltff ■5fc*©«»«;K*^*lC»fe-r* 
[§9*312] WIS!Bl«ttBIRrXSB2aHtMflD-5-&* 

tt«l<i:»SB2«tt»t«:»l«'r*#«tt*«Bt(t. -fe> 
[M*94] HfrtemifiSt4Bi&i>'m2®tt^coc.-&^ 20 
*$e.»z#-ra»**i. 2. 3SDf4©^-rn^(cte 

[0 0 0 1 ] 
[0 0 0 2] 

iftLTH 0 1 1 ICjST«fc-5&i£*a>MR (mas 
Bta*> »»T » * N i -Fe^N i -Fe-Co *TaN *t> b T« ■ 
LfeNi-Fe (-Co) /TaN/Ni-Fe (-Co) cfc 0 te^ifS^gP (-fc> 

x5-r » «fflt»fc**'J-*^a***aftTn* (usp 

4. 754. 431 RtflEEE Trans. Magn. Vol. 27. No. 6. 1991. 
PP5520-5522), inei4MR«f4<tbTf*W$ffl^ 

^x'fTJtztb, ±^unm^wv$>-ofz. 

[0 0 0 3] 

mWt)W8:L£o frSHtH] MRttfit LT«tt 
SS**S?$ot. so 



2 

[0004] ^(D^cDsmt. ±fc<Dmm£L&mik 

[0 0 0 5] 

m^miz&m-rzv- h*7-f >t. s^-ra^^u— * 

fTfeot, sg-t>X5"f ><hl£7- K5"f >^(r¥ 
ff II&gL. ^»Cl<itCckoT±fBSWa*iSfiK£n3. 

miles i «tt«tatx* 2 &ttnt<o 5 -6^*>i««a***r 

•r-5^tt^cDM{b^^l4t4. £IC-t>X7-f >iz1— K 
> <h{C ifiScLT t>«fc t>. 
[0 0 0 6] ^WO*^ U-jR^tt, £l«ttBI<i:. 
g!2ilttgi<h. »Sll«ttKtSm2«tt«ltS:»(WI-r 

m ■ m&tzL&ftotzit><nMft&mm?Mizft£.-Tz>'7 

•?T±iBBl$#igfiE£n-5. 

[0007] miRmimitmx.&m 2 m&m<n 

[0 0 0 8] mII2'7- H^-f > : &;m^mrj1t^'E.^^-r 
*mrf2^TSBICs^#t-^ < Kit 6 ftfc KttH£IK& 

[0 0 0 9] 

fflu. IB® • m&fz%im& $>if ^c73±. ai*&^§i 

-r s 1 1 tic, ^i««»*«#s»ic*^wfr»*sn* «t 
o {z$xm&m<n a-? visits c t \z «t o m^mz^m 

«t<«»*#tt. /haf«t«iiSt-CfB® • tt*fc*bBI*E<ta* 
^SB tc mrjfc * gitf £ ST- B&IC lim?jft*«n^ TjI^J <t S « 

i$.f&&rfm*.izu2,£?\zm : ?wt r 7- vy-o\zm\k 



(3) 



*3g§¥8 - 3 0 6 0 14 



3 

£?ftu " o" *as»-r*»^ic«. £e£«5w<" i" 

Ztm L £K##ft JM««* t ft -5 £ 5 

JfrF-«J;:R3l3ft*«JM43l§^8M» 

$ < &4tsaso8i*«*s < ft o , 

icftntfft -a is £*#<r>. -f-cDfefeH^'iciaii 

[0 0 10] £ft. 7-K7-f>*>5»43t48ff$ 
[0011] 

# s& i mtt^tm 2 mtt,^ t *#«-r *#mtt&His 

[0 0 12] ft£>. *BJSI#T(i. 20 0e«±<7?«a^J 
€:#-r*«ttB!* rSSIttlj t«f»«r». 20 Oe*«tt<0 

»K^^WT^ett^$ mmi±mi 100 Oe* 

mi t^oo £ft. #i»M»Tffl^e>n*««a©tt 

(4. (S«*»©SSSf[ (ASW(Ctt60Hz) TW«^t|-C» 
-K5-f >J5>6«£-t5«B##fa#H-£ft9. fft:b 40 

*»-?-ro^BeK#t>iRi-^f*]2ift-2)„ ae-^T. i^row 
«aE«flEi;tt#-r4. ^ti«^T^«^a/Mcftntfft 

£ T£ -5 ft'tt 'MS. < f 5ft «& (C 14 S E/W 7 7. -5 
(«oS^|6ltja5ST-5*l^) ^«<-T-5cfc-5)ftfl?t*c 
iC-TSCi^SSL^. £ft^»Jf £f44>ft(^iBHitT 
& £ £ 1# 5 ft IC fa® IhISc « T # •& ft* » >Ptt t ^ t 
SL^. mi (a) (c*T«fcoft-y-> K-f ■?<» 50 



4 

fcc7)Tfc«Mffitt^^(75ffiJn^fk^t4^5l5(75fcc7) c fc 0 
*t<5%ggff,ilW. Ell (b) lC*-fck5ft# 

•> -T ^oHOJ: DSJmffilnxSmcoJSfA^i'k*l4*:j3 

%*ggg*£<ft5. fSoT. *«. i&m.^{tm<Dmyj^ 

[0 0 13] £ft. ESS • afc^ft*U£2i>g&<-r-5ft«e> 

[0014] sR^at^-K^-o^iaafr**!^- (g 
*£) icts. $i&mRyjfafimi L mzmzz>m.ftfim± 

t# ft «e> icfsn tHiiscteT ^ ^ fttt '>ft i^i #a s l 

Ell (a) (C^-fi-Sft-t^ K-f y^-f :/<Z>&<75 

< 5%fiSi#e.n-5*i. Ell (b) tC^-r«fc-5ft#fiBtt 
Mil 4£7>LT&J13}9tfIJILftit£r. 1t> K-f 

[0 0 15] *ft. IBIi • K^-ftL*a*fi<-r^fti6 

izAx&?m<Dmit®%Mrtfa&£i&mRi}ftizTz>z. 

[00 16] 7-F7-f>ll *>:^tt^<h#Ktt^£0M 
gW^-SCtlCcfcO. 7-h*7-f>fflge;H7Xt7- 

[0 0 17] -7- K5-f >a*»±-r*«#«:3&$5J;<* 
3 — ^<tLTfflt^$kffi14if4iSa*^ 
iS<. eS?P«*^lg^A^ft : b«^< CoTa Z r, 
CoNbZr, FeTa Nf^'SS L 

[0 0 18] «T{C*ft:W«:Sltt«iU;«kO*5SWOSfi* 

[0 0 19] (H%0yi) ^-y-vUcco 
ttill) • N igoFeioCoio (ttlttll 3) . C 

u mm&&mmi 2) ^fflutfiiittii 1. # 
eMin 2. ijcfistspi 3*ie*«JHL. cssn 

-5cke)ft-y-> K-f v^-f^© 

[Co(30)/Cu(20)/NiFeCo(30)l ( 0 l*]0Q&Mt4lgiJ¥ 
nra^it) 

ft 5fiB§U£fitg<fcBB£reS! U. *ffflM$i7 ^ > 9 
Ltz'&. Au/CretLt>X7-f/26$ff^L 
ft. *fi^BiS i Oi2 5^Z(0±fZ^l umXrt-j? 
L. 5^7-K7-f>24«3Au/C rSrBRBtL, El 2 



(4) 



8 - 3 0 6 0 1 4 



A 
B 

c 



40/imX20^m 
40/imX10/im 
40/imX5^tm 



[0 0 2 0 ] 



4. 4 
10. 9 
12. 8 



(Oe) 



[ 0 0 2 1 ] ^^fii^tSg^l 2mA//i 

[0022] (ni«flfS2) uss^j i d:ra«tc, ^-y^ 

hCCo (¥««fiaM4Kl 1) , N i 8oF e toC o 
io (DtBttil 3) , Cu (INStiE&HBi 1 2) 
T^WKfiBttBtl 1, UMBttAJMRl 2, ftfiBftMl 3 
^JI*ffllL> 0 1 (a) K^Snfccfcifct^ H-f 



[Co (30) /Cu (20) /NiFeCo(30)] 

10 Lfclg, Au/C r *3K»L-fc>X^-f >2 6*»«L 
fco #*&l|gS i O22 5 ^CCO±(C^ 1 /imZ/t 7 ^ 
U M(C7- K^<>2 4<Z)Au/C r SrSEBgU 0 2 

[0 0 2 3 ] 
[*2] 



A 
B 
C 



4 0 AmX20^m 
40/imXlO/im 
40 /imX 5 /ini 



[0 0 2 4] lf<30S»U2mA/ 
MmW^(7)ge;H77ci:7- K^-f ><0»rHfirt< 
—ST, «85SJK^8. 3mA//zm2^^1 
#"T?*S. ^2cDS*d:D r 7-K^-r>^-ScD^^, 
7- H ^< ^a**^ icSKTBJMi-JET* 0 , *^ » 
tt©gE/H7Xtw^«S^fi:Jii^oTt^c 

T # <6 ^ b ^T* £ o 

<2Sifi0fl3) *-yyM:Co (ffilMl 1) > 
NisoFeisCos (MttI13) , Cu {$m&& 
1112) Sffl^T*aiBtt«l 1, 
2, 3tI«flML, HI1 (a) icSSft* 

[Co (30) /Cu (20) /NiFeCo (30) 3 

Au/Crliflt>X7-f>3 6eML 
fco ttftRS i 0 2 3 5 Sr^0)±^iB 1 /imX/Vy^ 40 
U El:7-K?-f>3 40Au/Cr*a«L, 03 
IC^Tck 5 tt*^ »<h 7- K >#iS3rr £ J: 5 

8it»«l 2mA//£m2— StL, 7-K7<>C?St 
t»«2 0, 4 0, 6 0, 8 0. 1 0 OmAifft^ 
it, j enb(7)^^^^f^^^3lc^^<7)^#$^04{C 
^T* :n^^ 03<D<£-2i;:, *f»t7-K5-f> 
^^iEx-r^®^ (SE/H7Xi:7- K^-f >^bfg£ 



(Oe) 
14. 4 



20. 
22. 



[0 0 2 5 ] &Kffll tmmiZ, 5>-?>y 

Mc C o (#gfffl4i 11) , N i 68 F e 20C o 

x^mnm^m 1 1 . ^ttttgiMt 1 2 , $m&m 1 3 

SlU&fSllU 0 1 (a) lw*Sft*<fc-5&'tJ-> K-r * 
[Co (30) /Cu (20)/NiFeCo (30)] 

Lfcf£> Au/Cr^If lt>X7<>5 6^«L 

fco ffi^HIS i 02 5 5 &^<D±.\zm 1 

U MJC7-K5-T 5 4S*fiK-r*fc*«CAu/C r& 

£?%mR&mTmzmm'Tz>rzsb<D3-t7 5 7 

-T&fc&lZ* ItittlTftS CoTaZrSX/^y^ 

Lit. ^n<tn«ric, 3-47**fcn*^ 

C(Dfl$^fM{S4 0/imx2 0, 10, 5ym, 7 
-KH>liB40Mm-StL. HJJiiJlteO. 1 2 u 
mTftofc, S*3t3i|£Jfl£^To fzfzL, m^mzffiT 

1 2mA/Mm^\ 7— K^OtCiffi 
■rm«Effiffili8. 3mA//im^tS)^o 

[0 0 2 6] 

[SI 3] 



(5) 



*#g?l¥8 - 3 0 6 0 1 4 



7 



SEftNb 




(3- 


A 


20 urn 


14. 4 


B 


10/im 


20. 9 


C 


5 


22. 8 



[0 0 2 7] S3^SSctO, 3~£&La>«frcfc 0 fc 

[0 0 2 8 ] (^5S^J 5 ) 8X$If«I$ffl S i 
(10 0) SS±{cTIBlC^Sn^ct'5^l»J5)c<0 
Si/Cu (50) [Co (10) /NiFe (100) /Cu (24) /Ag (2) /Cu (24) /Co 
(50) /Cu (24) /Ag (2) /Cu (24) /Co (10) /NiFe (100) ] 

Lfc8L Au/Cr^If Lt>X7^f>5 6^ML 
fco *£liJSS i 025 5 £d(0±l;:|Q 1 umX/N 0 ^^ 
U 11:7- 5 4 S«fiK-r-5fc»twAu/C r £ 

If l> Xy^>^l,fc. ^ 7- K7-f>*^65E 
£T*«*fc*mBU^T*fca&0>3-* 5 7 
"Tafcaft^, RattlTMCoTaZrS^y* 
UXy^^LTI^Sl^TJ^fCS-^ 5 7£ff2/& 

0. 0 4 3 ym7-H7'f>^40^m-£(i:l, i 

MRffl^^gl6lC^-ro «fi8*(7)/h$ft«:» 
ttK (NiFe) li3 0eT«ft*lfl*«filBL, 
©*#3tt*«K«ftB! (Co) W3 90eTM^W 

SrWBT '*<E»H#li-fc>*7-r >tC 1 2 mA/// 
m2, 7-H7-f >C8. 3mA//im«JSL" 

//xm^ 7- K7< >C± 4mA/jum20tS^SL 
fcWOK*«Lffi*tt»ftBI7 (a) {Z^-? 0 »:0 7 
(a) <h«S*t*^3tCfBSB#«-tr>^^-r >iC 1 2mA 
/Mm^, 7— K^-f >C8. 3mA///m^lS^g 

l" o" <Dm&&ft\,K tftZhtzLmz-ty 7.7-1 >i:6 

mA//im'^ 7— K9-f >IC± 4mA/Mm20iSS 
8KLfc«f©tt*«fLa*«»*H7 (b) tC^T. :n 
bctO" 1" , " 0" oofB^ • K*t # L*«aBSnfc. 

[0 0 2 9] (^SS#J6) SHfi«5 0)>t^'J— fe^Srffl 
1>T, g|8 (a) . (b) ^^.titt^ MJ v?7s& 

(a) , (b) -tn-fne* • tofc'L^t. ceo 

(a) 3 fcf h<7)fB^ • R**:LS:fT5>!:»«I 

t>77^f>81l:30mA, 7-F7^f>8al:i 0 
OmA<0«8E£8ELT" 1" SrKfikL/::. &lC-tr>*5 
< > 8 1 (I- 3 OmA, 7-K7<>8bi:-l 00m 50 



8 

^fitiW- (3-**»J) 
Oe 28. 6 Oe 

Oe 38. 3 Oe 

Oe 40. 4 Oe 

A<7)»«t*«il/' 0" SSBSSL^o -t>;\5 .' 

>8 11:30mA, 7-F7^>8ci:i OOmAcof 

>X7<>8 5mA, 7-F7-f >8aiZ±50 

mACD^rjf£S:ffib-lr>X^-f XDmmlZttiT < &^JE^ 

10 1" , " 0" , " 1" *t«BTSfc. Sfc. -t>x^-r 
>8 2, 8 3£^Tfcra«a:E» • R*« LMfEftq* 
BSttfc. (b) <Dm&* (a) tR|«tC3 t'-y b<b$Z 
m ■ m&fzL&ft o fzsb\z1z> 7, 7 -1 > 8 1 tl 3 0m 
A. 7 — K5-f > 8 a fc 1 0 0 m A(Df!SL£:ijfc LT*' 
1 " £fB§iLfc<, ^(Cir>X^-f > 8 1 (C — 3 0 mA, 
7-K7^f>8b lz- 1 0 0mA<B««E£8fEL" 0 " ^ 
IB^bfco fit, -fe > X ^ > 8 1 iZ 3 OmA. 7 — 
K7-08cl:i 0 0 m ABUSES: St L" 1 " SrfBSL 
fc. BWuELSfT 3 fettle -t >X^-T > 8 1 CI 5 m 
20 A, 7-H7<>8aC±5 0mA(Oiijft^jSLt>X 
^ >Oi3SSBtcmT< aHJEXfbfejBlffi-r-5 tH 9 (C^ 

Tck^^tB^^wtsn" i" , " o" , i" tfim 

BT*&. ir>X^<>8 2<Dm&iZ\Zy- K^-f ><7P 
«8K^fRl^S*f*fpIiC^:a©T-t:>X7-f > 8 2 (I- 3 
0mA, 7 — K5< >8 ate 1 0 0 mACD^ Steffi L 
T" 1" SfEflkLfc. *l:t>X7<>8 2*13 Om 
A, 7- K7-f>8 bC - 1 O OmA^iffi^^L" 
0" ^rffliiLfCo fit, t>X7^>82C-3 0m 
A, •7— K^-T>8 ctCl 0 0mA<7}^St£»Sl/' 1 " 
£8E»Lfc. R^JifLSfTifcfel;:, t>X7^f>82 
(C-15mA, 7-h7^>8ai:±5 OmA(73lEtft£; 
Sit L -fe > X 5 < > (7) MMS tC ffi T < £ «BE^f t £ Mfe? Z> 

tm9[z^£ot±\titimzm§ihn" r* . " 

0" , " 1" ^IgTtfc, t>X7<>83 COi^^(C 
-b>X^-<>8 l©»&tBI*atlE»-1«*«l/* 
ST»f^*BT#fc. «±ctO, 18 (a) , (b) CO 
■7hU 7 ^X^6^^Tfe, ^^U-tLTCDfBS 

*M&tJfC^ (b) a){5-5^«fcO/h$<T#S^<i:7&sto^o 

h<DfBI? • [s&'frv fzsbizn > X ^-f >101I: . 
4 0 mA, 7-H7^>10aCl 5 0 m ACDiarj?t£»fi 
LT" 1" $:fBiiLfc« *l:t>X7<> 1 0 1 fe-4 
0mA, 7— K5<> 1 0 b(I- 1 5 OmAWfiS^ijit 
L" 0" SrKSkLfc. fit, -fe>X^< > 1 0 1 1^4 



(6) 



*3g3¥8 - 3 0 6 0 1 4 



OmA. 7- K^-f> 1 0 c \Z 1 5 OmAWtSSl 
L" 1" £8H»Lfc. tt*/fL«rfT t>X7 
-f > 1 0 1 \Z 2 OmA. 7-K7-f>10al;±75m 

A<73m*^oftu-t>x5"f xDmmziaxK z>m.mmt 

ZmUZ-t 2> £ 0 9 IC^T J: 5 ft itifttt JftWt "=> tl" 

1" . " 0" . " 1" jWSIST^it. t/X?-f 

> 1 0 2 . 1 0 3 ICO^TfclBJtMftlSIS • mZf-fzLmfr 

[0 0 3 0] JW±,=fc9. ZW^tzTW MJ yi77>Zm 
[0 0 3 1 ] 

fc'wjwro&^tu— z'timt-rzo mtz. 7- 

[HfficDfSmftlftHj] 

[Ell] (a) *f£W<Dmmmi&7f;'?D->\ t '( v?-? 

(b) «JI*>f T'OffiafifiiSSjRiS^OlllfiEH 

[0 2] #»W©**m£^T* ; EU-* : ?-<Z)#«BI 

[S3] #5SW©*«m*3i?T**y-*^©#*«ei 

[04] *»H<B*M«3£*T* : E'J-* ; f©Jli ; f-aB 

j&mrJj i«g <t $ £*-r 0 

[S5] *^BJCDH^J4^*-r^ ; EU-^^CD^Il 3" 
[0 6] *BH©**«5*ST*^U—JlH 1 ©JlFHiB 
(75MRfl|g0 

[0 7] ^SSWO^WSfc^T^U-SS^OArtift* 



10 

[0 8] (a) ^Jt^WHJg^jeSr^-r^^'J-^^cO 

(b) *3gijl]co||^(7i]6 J -§R7.0i££; j' 

[0 9] *^B^coHSE0iJ6. TS^t'J-gffflS 
t'v htt5^Sr*-r?S^0 

[0 10] *^B^oH^0ij7 SSt^tiJ- *^-<73V h 

U 7^X0 

[011] «*0^*'J— *-?0*MBH 
[f^^-roiftBj] 



1 1 




1 TA, ->~<i rW* 1 —1— iJS^Z 


1 2 






1 3 






1 4 






2 4 




r? — ur =j ^ > 


2 5 






2 6 






3 4 




7- K^-f > 


3 5 






3 6 




-tr>x^-f > 


5 4 






5 5 






5 6 






5 7 






8 1 




8 2,8 3 t>X7^f > 


8 a 




8 b, 8 c 7— K^-f > 


1 0 


1 


, 10 2, 103 -fe>X^-f > 


1 0 


a 


, 10b, 10c 9- K7< > 


1 1 


a 


NiFeCo AXfe^-gi 


1 1 


b 


ir > X ^ -1 > 


1 1 


c 


S i O2 


1 1 d 


7- K^-r > 



[02] 




(IKlKKUUdtll 




11 C*t<B13) 




I3(«>t<tm> 



(7) 



WBB¥ 8 - 3 0 6 0 1 4 



mi) 



[13] 




11(fcU<fcM3) 
12 

13(*>b<tt11) 



(b) 



^ ^ b t < « 11 ) 



\\\N>-13( *0<tt11) 




l( *>L <tt13) 




11 (*L<tt13) 



35 13(6t<tt11) 



[H4] 



12 Oe 13 Oe 15 Oe 17 Oe 19 Oe 




(8) 



*Sg3¥8 - 3 0 6 0 1 4 



[0 6] 



AR/R(*) 
■ 6 



-70 -60 -40 0 40 60 80 

H(0c) 



8o fib 6c 




83 



II 



(b) 



6o 86 8c 



81 



82 



83 




(a) -i- 



(b) -o- 



[mil] 



11a---N1FeCo Altt^R 
lib*- t>7 5vv 
11c - — SKh 
lid • • • 




lid 



Tib 



[H9] 



(9) 8- 3 0 6 0 1 4 



7d> h^-wmz 



